A 41-year-old man, without underlying health problems or traumatic episodes, presented with a rare paravertebral arteriovenous fistula (AVF) causing radiculopathy manifesting as gradually progressive right grip weakness, and right thumb, index, and middle finger numbness. Digital subtraction angiography revealed a high flow, single hole paravertebral AVF fed by the right thyrocervical trunk that drained into the epidural venous plexus. The patient underwent endovascular embolization of the AVF via the transarterial approach. The fistula was completely occluded by coil embolization. Postembolization, clinical symptoms improved and 6-month follow-up angiography showed no recurrence of the fistula. Paravertebral AVF is a rare vascular malformation occurring outside the dura mater, fed by dural or epidural branches, and draining primarily into the epidural venous plexus. Paravertebral AVF is usually asymptomatic because of a``reflux-impending mechanism'' within the dural sleeves that prevents retrograde drainage into the perimedullary veins. However, in the present case, mechanical compression of the radicular nerve due to a dilated epidural venous plexus resulted in neurological symptoms. We conclude that endovascular surgery is an effective treatment strategy for paravertebral AVF.
Introduction
Spinal arteriovenous malformations (AVMs) are classified into 4 types, intramedullary AVM, perimedullary arteriovenous fistula (AVF), dural AVF, and paravertebral AVF occurring outside the dura. Spinal dural AVF is the most common type of spinal AVM, accounting for approximately 70% of cases. 9) Spinal dural AVF is a direct shunt located inside the dura mater between a radiculomeningeal artery and a radicular vein. Drainage is retrograde into the perimedullary veins through the radicular vein, and causes increasing venous pressure in the spinal cord leading to progressive myelopathy. 9) Direct or endovascular surgery, or a combination of both, are used for the treatment of spinal dural AVF. On the other hand, paravertebral AVF with epidural drainage rarely occurs and accounts for approximately 2.5-4% of all spinal AVMs. 1, 7) Therefore, the therapeutic options of paravertebral AVF still remain controversial.
We present a case of paravertebral AVF manifesting as radiculopathy that was successfully treated with endovascular coil embolization.
Case Report
A 41-year-old man, without underlying health problems or traumatic episodes, presented with a history of gradually progressive right grip weakness and right thumb, index, and middle finger numbness. On admission, dilation of the superficial veins and pulsatile bruit were detected in the right side of his neck, and neurological examination revealed manual muscle testing grade IV weakness of the right upper limb and hypoesthesia in the C6, C7, and C8 areas on the right side. Radiography showed widening of the right C4-5 intervertebral foramen (Fig. 1A) . Magnetic resonance imaging showed a large flow void in the right epidural space at the C4, C5, and C6 levels, which compressed the spinal cord without causing signal intensity change (Fig. 1B, C) . Computed tomography (CT) with contrast medium also demonstrated abnormal enhancement indicating an enlarged vessel in the spinal canal at the C4, C5, and C6 levels (Fig. 1D, E) . Three-dimensional CT angiography showed the right enlarged thyrocervical trunk entered the right C4-5 intervertebral foramen (Fig. 1F) . Digital subtraction angiography also disclosed a paravertebral AVF fed by the right thyrocervical trunk in the right C4-5 intervertebral foramen, with a high flow shunt ( Fig.  2A) . The arterial feeder was enlarged, and no recruitment of the adjacent arteries was observed. Venous drainage 
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Paravertebral AVF was only to the epidural venous plexus, with no reflux into the perimedullary veins (Fig. 2B, C) .
Transarterial embolization as the first therapeutic strategy was selected to reduce the compression to the spinal cord and nerve roots, and excessive bleeding during direct surgery. Under systemic heparinization, 5 French and 6 French guiding catheters were placed into the right thyrocervical trunk via the bilateral transfemoral approach, and 2 microcatheters (Excelsior SL-10 and Excelsior 1018; Boston Scientific, Natick, California, USA) were positioned in the fistula and the draining vein through the 2 guiding catheters for separate introduction of each microcatheter (Fig. 3A) . We considered that embolization within a fistula did not adversely affect clinical outcome, and used coils because the radiculopathy was caused by compression of a dilated epidural venous plexus. A few large coils were initially positioned through the Excelsior 1018 microcatheter placed in the distal part of the fistulous draining venous side to prevent distal migration of additional coils. Further coils were then packed into the fistula containing the drainage side and subsequently packed into the dilated part of the feeder through the other microcatheter. Since the fistula was completely occluded and no residual feeders were present (Fig. 3B, C) , the procedure was completed by only transarterial coil embolization. After the treatment, dilation of the superficial vein and bruit completely disappeared, and neurological symptoms gradually recovered. Six-month follow-up angiography after embolization showed no evidence of recanalization or new abnormal channels.
Discussion
Paravertebral AVF is a rare vascular malformation. The exact etiology is not well understood, but the reported association with neurofibromatosis type-1 (NF-1) and previous surgery or trauma 13) suggests an acquired lesion. However, the present patient had no history of health problems or trauma, and the cause was unclear. Fifty-eight percent of paravertebral AVF cases are found in the cervical region. 7) In addition, cervical lesions are the most common type complicated with NF-1, and typically originate from the vertebral artery. 6) Paravertebral AVF can cause venous congestive myelopathy similar to that of spinal dural AVF, 13) but is usually asymptomatic because à`r eflux-impending mechanism,'' a substantial narrowing and bending of the vessel within the dural sleeves, interferes with retrograde flow of the arterialized epidural plexus into radicular or perimedullary veins. 8) Therefore, compressive radiculopathy or myelopathy as a result of an enlarged epidural venous plexus might be one of the first symptoms. 5, 10) The therapeutic intention is to completely obliterate not only the fistula but also the draining vein. 5) The treatment strategy of paravertebral AVF, which mostly includes a high flow shunt 3) and multiple feeding arteries, 13) is en-Neurol Med Chir (Tokyo) 52, July, 2012 S. Teramoto et al. dovascular embolization or direct surgery, but this strategy still remains controversial. We believe that endovascular surgery should be the first choice for the treatment of paravertebral AVF. Endovascular surgery is a less invasive treatment and may be useful as a preoperative adjunct in complex multifocal fistula. 2) By contrast, direct surgery interrupting both the shunting point and the origin of the draining vein is a reliable definitive therapy, but carries risks such as massive bleeding and obstruction of endovascular access that restricts further interventional radiology. 6) Direct surgery may be considered as a therapeutic option combined with embolization for cases with complex angioarchitecture. 11) Endovascular treatment is accomplished with liquid embolic agents, coils, detachable balloons, or a combination of these materials. 10) Transarterial embolization is commonly performed and is ideal for single fistula with a high flow. 2, 3) Transvenous embolization is beneficial for fistulas with multiple arterial feeders, and is less risky than the transarterial approach when considering the risk of anterior spinal artery occlusion. 13) However, transvenous catheterization through the azygos vein and small epidural venous system is difficult. 13) Since our case was a high flow AVF fed by a single vessel and selective catheterization into the enlarged feeder was possible, transarterial embolization was planned. Moreover, we did not use the liquid agents such as n-butylcyanoacrylate to prevent the risks of migration into the intracranial circulation via aberrant anastomoses 4) and unintentional occlusion of the drainage veins. Several technical adjuncts including proximal temporary balloon occlusion for flow control are important for successful embolization. 10) Covered stent placement can preserve vessels during the treatment of large AVFs fed by the vertebral artery. 12) A procedure using 2 microcatheters such as in our case is also useful. A large and high flow fistula requires that the stability of the detached coil must be maintained. Coils in the drainage side deposited through the arterial route prevent distal coil migration, and secure accurate embolization is facilitated. In the present case, complete obliteration of the AVF was obtained without complications. Endovascular surgery that can be treated using several adjunctive procedures may be a safe and effective treatment modality for paravertebral AVF.
